Abstract-In
I. INTRODUCTION
As a widely used numerical method of boundary element method, it has Characteristics of the lower dimension, high accuracy. But the coefficient matrix of equations formed by the traditional boundary element method is asymmetric matrix, so it has the very big restriction to the solving speed and scale. Full matrix equations are solved by using the direct method of traditional; the magnitude of the computation and storage respectively is the number of () ON , Among them, a is the number of unknown variables, i.e. the number of degrees of freedom. Therefore, the traditional boundary element method is difficult to solve large-scale complex problems in engineering. In recent 20 years, the fast multipole algorithm (Fast Multipole Methods) [1] reduced the computation and storage of matrix vector multiplication operation at the same time, and the magnitude is with in () ON . Under the error scope of controllable, the problem scale has improvement by orders of magnitude.
In recent years, research of FMM is used to solve the acceleration of the traditional boundary element method [2] [3] [4] , namely the establishment of the fast multipole boundary element method (Fast multipole boundary element method, FM-BEM), it is successful implementation of large-scale complex engineering problems on a personal computer for million degrees of freedom, Such as mechanical engineering, computational mechanics, computational mathematics problems. research group of Tsinghua University Professor Yao Zhenhan successfully simulated the two-dimensional composite materials containing a large amount of elastic inclusions [5] , two-dimensional solid [6] containing a large number of cracks and problem of three-dimensional static thin plate structure [7] , and large-scale 3D elastic solid particle composites were simulated by a new adaptive scheme of FM-BEM [8] . Yanshan University professor Shen Guangxian research group completed the simulation of large-scale roll profile [9] ; developing FM-BEM of elastic-plastic contact friction of a number of objects [10] ; simulation temperature field of the mill work roll and bearing [11] .
Fast multipole BEM will not form coefficient matrix, so it significantly reduce the amount of memory used. And memory requirements do not increase with the size of the increase, almost maintained at a low level. Traditional BEM rule contrary, due to the coefficient matrix rapidly becomes large with increasing degrees of freedom, resulting in rapid increase in memory usage. If the desired memory is more than the computer's physical memory, the operating system will enable the virtual memory of hard disk, because the transfer speed of hard disk is slower than physical memory, it will lead to decreased efficiency. The use of the fast multipole boundary element method, the demand for computer memory is small, and with the expansion of problems, the increased memory demand is also slow. it create a sufficient condition for the computer to do large-scale operations. Computing efficiency, reduced memory usage and high accuracy will greatly strengthen the advantages of boundary element method and expand the application range of the boundary element method.
In mechanical engineering, computational mechanics, computational mathematics and other fields, FM-BEM has high efficiency for numerical calculation, and it has very broad application prospects. This new concept of "Fast multipole BEM" has generated, it is bound with the "finite difference method," "finite element method", "boundary element method", as an important numerical analysis in 21st century, and will be further development and promotion.
Based on the fundamental solution of the Poisson equation, this paper applies MBEM in potential problems, the main work are:
(1) the paper shows the boundary integral equations of potential problems and fundamental solutions, then give its FM-BEM fundamental solutions; in the calculation process of boundary element method, the kernel function need to decomposition, in the decomposition process of kernel function, when the distance is small between x and y , kernel function will produce singular integral, so the calculation is difficulties, some of the traditional method for solving singular integral are more complicated. this paper applies Laplace transform to the Boundary Element Method and gives a the threedimensional potential Problems singularity approach based on multipole boundary element method.
(2) the paper gives the FM-BEM algorithm; Numerical examples are given to verify the accuracy of the FM-BEM, it shows that computational efficiency of FM-BEM has more magnitude improvement than traditional BEM. it can effectively solve large scale complex problems. This paper belongs to computational mathematics, boundary element method, potential problems, elasticity problems, and rolling theoretical research. the research is interdisciplinary with significant academic and practical significance, and it has broad application prospects in engineering.
II. THE MODE ESTABLISHMENT OF MULTIPOLE BOUNDARY ELEMENT METHOD

A. Poisson Equations
Poisson equation is the control equation of active filed potential problem; it is different from the passive field potential of Laplace equation. The source function is a function () bx with independent variable coordinates; it is the known function depended on the source point. Poisson equation as following:
Boundary conditions:
The basic boundary conditions: uu  (on u  ) The natural boundary conditions:
2  is the Laplace operator; u is called the potential, and it is usually said temperature, concentration, pressure, potential in specific issues. Along the boundary q is the normal derivative of u , a source body;
 is the given boundary of potential (known as the essential boundary conditions), q  is the gradient of potential for the given boundary (known as natural boundary condition), n is outside the normal of boundaries  , as shown in figure 1 . 
B. The Establishment of Boundary Integral Equations
A limited region  , its surface boundary is  , the known potential surface is u  , the potential gradient surface is q  , and 
Among them, * ( , ) q x y is the derivative for * ( , ) u x y in the point x . R is distance between the source point and observation point. Formula (3) is the relationship between potential and potential gradient on the boundary, in accordance with the boundary integral conditions given, we can obtain all the unknown potential and potential gradient on the boundary. Then we can calculate the potential and potential gradient values in region interior point (for the steady temperature field, it is the temperature and temperature gradient).
C. The Discrete Form of the Boundary Integral Equations
Use the quadrilateral isoparametric discrete boundary to establish linear equations that the boundary values is unknown. Similarly, transform the problem of solving differential equations into algebraic equation about the unknown variables of nodes. Discrete form of formula (3) 
Isoparametric quadrilateral element, not only has a triangular element flexibility, but also keep the precision of rectangular element. With this unit, using node to establish matrix equation, the numerical solution has high precision. Especially in the practical problems encountered, often require the use of a few units to represent more complex forms of objects. In order to quadrilateral mapping to the corresponding rectangle, we must use the coordinate transformation. To establish correspondence relationship between the global and local coordinate.
By using surface coordinates (i.e. local coordinate system) describes the area increment in Cartesian coordinates for G g g g    Among them 1 2 3 ,, g g g as follows 
Among them, 12  ， is defined local coordinate in the quadrilateral unit, as shown in figure 2. 
For the boundary integral equation (6), discrete it, we can get the algebraic equations of potential and potential gradient
The all unit nodes are as the source point, for the establishment of algebraic equations, the final matrix equation
Then, using the known boundary conditions and transpose down into typical matrix equations, obtained the unknown boundary value.
As long as given the internal coordinates, the potential and potential gradient on the domain is calculated by following formula:
III. EXTENDED SOLUTION
The essence of fast multipole boundary element method is that multipole expansion of node clusters approximated boundary integral of kernel function and far field boundary variable product. The kernel function decomposition of Possion equation is as follows.
A. The Multipole Expansion of Basic Solutions
Theorem 1 (multipole expansion) supposed that there are N charge located in 12 
X r   a Figure 4 . Local expansion
B. Translation of Multipole Expansion Coefficient of the Basic Solution.
The fast multipole method mainly includes two extension and three metastasis, the multipole expansion of th e basic solution, the multipole expansion metastasis coefficient (M2M), fast multipole expansion coefficient transfer to local expansion coefficient (M2L), transfer of local expansion coefficient (L2L). Specific transfer relationship is shown in Fig. 5. 
1) Multipole Expansion
2) Multipole Expansion Coefficients Metastasis (M2M).
When the multipole expansion center translate from 
This process is called M2M.
3) Local Expansion and Multipole Expansion to the Local Expansion Coefficient Metastasis
There is a point . This process is called M2L.
4) Translation of Local Expansion Coefficient (L2L)
There is a point 
This process is called L2L. x and y is very small, the distance is smaller than a given threshold, the kernel function * ( , ) u x y and * ( , ) q x y at this time can be decomposed using Laplasse transform: x is very close to y , so it improves the computational efficiency, and reduces the calculation time.
V. THE REALIZATION OF THE FM-BEM ALGORITHM
A. The Design of FM-BEM Algorithm
For simplicity, the following agreement on the Border FM-BEM algorithm is given below.
Step 1: initialization: take Step 3: select the current level 
B. Calculation Process of FM-BEM
According to the above algorithm, we developed FORTRAN source program, the flow chart of calculation is shown as Fig. 6 . 
Use boundary element method to solve, the calculated results are compared with the exact solutions; table 1 gives the potential value of the point part of the numerical solution and the exact solution. It can be seen from table 1, solution error is very small, and we got the desired result.
Example 2: the infinite prism of a rectangular section, temperature conditions on the boundary is shown as Fig.7 , determine the temperature and heat flux values, the results are shown as Table 2 and Table 3 . The above is comparison of BEM and FM-BEM from the calculation accuracy, the following comparison is from the computational efficiency of the two methods, see Fig.8 . As you can see in Fig.8 , when the freedom degree reached 3000, computing speed of FM-BEM is faster than BEM; as the number of freedom degrees increases, computational advantage of FM-BEM fully reflected, the calculation speed is much higher than that of BEM, it demonstrated that the computational efficiency is level () ON of the FM-BEM. As you can see in figure Fig. 9 , when the free degree reached 3000, with the increase of degree of freedom, the fast multipole boundary element method for the storage capacity is far lower than the conventional boundary element method. This shows that, the fast multipole boundary element method has higher storage efficiency than the traditional boundary element method. From the curve trend in Fig.8 
VII. CONCLUSIONS
This paper applies the FM-BEM to boundary integral equations of three-dimensional potential problems, discretes boundary integral equation, deals discrete singular integral term, and conduct the numerical calculation. In the premise of high accuracy, compare the computation time and memory requirements with conventional boundary element method. The example shows that fast multipole boundary element method has the advantages of accuracy and efficiency, suitable for large-scale engineering numerical calculation.
